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Abstract 
This paper reports changes in the Technion technology/mechanics teacher education courses aimed to enhance students' knowledge and skills in 
teaching digital design and manufacturing. The two major changes are: (1) equipping the departmental laboratory of technology with modern 
computer aided design software tools (Creo, Mathcad) and 3D printer, and (2) upgrading the courses to meet the conceive-design-implement-
operate (CDIO) approach. Our ongoing study indicates that the CDIO approach can be applied to balance learning pedagogical fundamentals, 
training technological skills, and teaching practice. The study provides indications that learning activities in the courses facilitate development 
of visual literacy skills. 
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1. Introduction 
The need for people capable to develop solutions for 
problems of the modern technologically oriented world is 
constantly increasing. It requires the incorporation of 
technology education in high school curricula as an 
inseparable element of present-day education, and as 
preparation for technological and scientific careers [1]. 
The educational system in Israel offers studies of different 
technological disciplines, four of which are defined science-
rich subjects, including mechanical engineering [2]. Other 
three are electronics, computer science, and science and 
engineering. The technology/mechanics track at the Technion 
Department of Education in Technology and Science is the 
only authorized university undergraduate program in Israel for 
training teachers of the subject. 
The Technion has recently come up with the Views 
program which calls upon undergraduates and graduates from 
all faculties to study for an additional B.Sc. in Science and 
Technology Education, and offers them full scholarships. 
Many Technion students and graduates have joined the 
program. As a result the Department and the 
technology/mechanics track have upgraded the infrastructure 
and curricula to meet the associated challenges in research 
and education. 
In this effort we address the challenges noted in the OECD 
review of technology education in Israel [3]: To manage and 
deliver technology education programs with more extensive 
involvement of employers and social partners, enhance the 
role of workplace training, promote further studies and labor 
market insertion, and direct teachers to maintain up-to-date 
industry knowledge. 
x The departmental Laboratory of Technology plays a key 
role in the technology education research and teacher 
training: The Laboratory serves a ground for experiential 
learning through design, building, and operating 
instructional engineering systems. 
x The Laboratory is a venue for presentations, discussions, 
and meetings of the research group. 
x Laboratory activities with engineering systems are 
included in all technology education courses. Some of 
these courses are open for students majoring in science and 
mathematics education and for students from other 
departments. 
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x Some of the courses are based on project-based education, 
in which the assignments require the design and 
construction of an engineering system and development of 
an instructional unit, using the system as a teaching aid. 
In this paper we report changes in the technology-
mechanics teacher education courses aimed to enhance 
students' knowledge and skills in teaching digital design and 
manufacturing: Equipping the departmental laboratory of 
technology education with modern computer-aided design 
software tools (Creo, Mathcad) and 3D printer, and upgrading 
the course curricula based on the conceive-design-implement-
operate (CDIO) approach. We also present indications of our 
ongoing study that the CDIO contributes to creating the 
balance of learning pedagogical fundamentals, training 
technological skills, and teaching practice. The study also 
indicates that learning activities in the courses facilitate 
development of visual literacy skills. 
In the next sections of the paper we discuss the concept of 
visual literacy, present the laboratory of technology education, 
characterize the students, present our case studies and 
summarize their findings.  
 
2. Visual literacy 
Visual literacy is a key component of the technological 
literacy and its development is one of the main goals of 
technology education. The ITEEA standard for technological 
literacy emphasizes the importance of the ability to 
understand meaning through visual means, to create visual 
content and to deliver concepts in visual means [4]. 
Specifically in the technology education, the standard states 
that “students should be introduced to the importance of 
design, of visualizing objects, of translating ideas into 
sketches…”  
Debes [5] defines visual literacy as “a group of vision-
competencies a human being can develop by seeing and at the 
same time having and integrating other sensory experiences. 
The development of these competencies is fundamental to 
normal human learning.” Debes discusses the perceptual 
aspect of visual literacy (VL). According to him, a visually 
literate person should be able to “discriminate and interpret 
visible actions, objects, symbols”. He also points out the 
communicational aspect of VL: “the visually literate person is 
able to communicate with others”, using visible items. 
Subsequent researchers added the creative aspect of VL, 
considering the triad of perception, creation and 
communication. Brill, Kim and Branch [6] define VL as “the 
group of acquired competencies for interpreting and 
composing visible messages”. The authors relate these 
competences to the creation of static and dynamic objects. 
Ausburn and Ausburn [7] define VL as “a group of skills 
which enable an individual to understand and use visuals to 
intentionally communicating with others”. Newman [8] 
defines VL as “a set of abilities that enables an individual to 
effectively find, interpret, evaluate, use, and create images 
and visual media”. He defines the visually literate person as 
“both a critical consumer of visual media and a competent 
contributor to a body of shared knowledge and culture.” 
Felten [9] notes that VL is embedded in cultural context. 
For his definition VL is “the ability to understand, produce 
and use culturally significant images, objects, and visible 
actions.” 
Park et al. [10] note the fundamental role of visual 
reasoning in graphical design and define it as the composition 
of visual analysis, visual synthesis and modeling which 
account for seeing, imagining and drawing. Delahunty et al. 
[11] claim that the focus of graphical education moves from 
exercise in using drawing tools and software to development 
of graphical competencies for technology education and 
practice, "from being graphically literate to graphically 
capable". 
As noted by Koch and Sanders [12], extended research 
found that spatial visualization ability is a predictor of success 
in a computer aided design course. However, it has not been 
verified that such course can foster the development of 
visualization skills. The study of Ha and Fang [13] showed 
that practice in manipulating physical objects and their 
computer graphic models can affect students' spatial skills. 
Our study makes the next step in this direction. We 
hypothesize that learning practice in which students design 
computer graphics models and physically embody them 
through 3D printing can foster the development of visual 
literacy skills. 
 
3. Technology education laboratory 
The laboratory was set up in 2002 and was originally 
equipped with instructional engineering systems that were 
advanced for the time, such as robot manipulators, a milling 
machine, and construction kits. Today this equipment is 
outdated and needs to be updated. We make the update with 
support and collaboration of PTC, with careful consideration 
of specific needs as well as space and staff limitations of the 
teacher education lab. The software and hardware systems 
that have been adopted and serve to support the upgrade of 
our courses are: Creo computer aided design software and 
Mathcad mathematical calculation software (both provided by 
PTC), and a 3D printer.   
Creo is a parametric CAD software which supports all 
design phases, from sketching and conceptualizing to detailed 
design and manufacturing [14]. The software is used by 
mechanical engineers worldwide. Creo provides a rich 
environment for learning by design. It provides a wide range 
of design tools for experiential learning and fosters creativity. 
The parametric paradigm, the principles of parametric 
modeling that are essential in the industry are of great 
potential in education; they foster systematic thinking and 
planning when solving engineering problems. To support use 
of Creo for education, the special student edition is provided 
for free-download.  
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Mathcad is computer software for the automation of 
applied calculations and mathematical modeling [15]. It is an 
effective tool for learning mathematics in context. It supports, 
in particular, the creation of calculation sheets which combine 
text and formulae and enable mathematical enquiry of 
engineering problems. An advantage of Mathcad is that it is 
interoperable with Creo, i.e. 3D model’s parameters can be 
calculated and explored mathematically.  
The 3D printer is an important component of the laboratory 
environment. In the study of digital design and 
manufacturing, it offers a rapid prototyping of small-scale 
physical models, thus providing operative feedback to the 
student. Furthermore, 3D printing minimizes the constraints in 
the design, and removes barriers in the transition from design 
to manufacturing. We equipped the lab with a desktop FDM 
3D printer manufactured by PP3DP (Fig. 1a). The 3D printer 
was chosen after a market search for an affordable, compact, 
and easy to use device. The 3D printer uses ABS and 
produces models with a typical resolution of 0.1 mm, and 
bounding dimensions of 140×140×140 mm3.  
 
a.        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. (a) the 3D printer; (b) the produced objects  
  
4. Learning Group 
The students who take our courses come from different 
backgrounds. Although the majority of them are mechanical 
engineering majors (graduates and students), others are from 
civil, aeronautical, and electrical engineering as well as from 
physics and mathematics teacher education programs. The 
students are at different levels of education from 
undergraduate students to B.Sc., M.Sc., and even Ph.D. 
holders. Many of the students are Technion graduates 
studying B.Sc. in education (including the teaching 
certificate) in the Views program mentioned above. The 
Views students receive study scholarships to complete their 
studies in four semesters, without teaching obligation after 
graduation. The background, skillset and motivation are 
considered in [16]. 
 
5. The course  
In this section we will consider implementation of the 
CDIO approach in the course 216144 "Advanced issues in 
teaching design and manufacturing". The 4 hours per week 
course was given in the spring semester 2013 with 2 hours of 
lectures and 2 hours laboratory classes. 
The lectures focused on the theories of learning: 
constructivism, social constructivism, instructional 
scaffolding, constructionism, and experiential learning. The 
theories were presented in the context of technology 
education. The lectures also considered models and modeling 
in science and technology education and the CDIO approach. 
Every lecture was followed by a home task, in which the 
students analyzed the theoretical material in the context of 
their experience. A special lecture on product design and 
development was given by Ziv Belfer, PTC Senior VP of 
R&D and Israel Office Manager.  
Each of the students in the course was assigned to give a 
short lecture on a certain aspect of teaching design and 
manufacturing. The topics included the following: user-
centered design, social implications of industry automation, 
student engagement in design and manufacturing, connections 
between religion/ethics and engineering, ergonomics in 
engineering design, fostering creativity in learning design and 
manufacturing, teaching through industrial visits, 3D printing 
in design education. Every lecture posed a homework 
question that requested analysis of the lecture content. 
The laboratory classes focused on assignments that 
combined practice in computer aided design and 3D printing 
with development of lesson plans and inquires on teaching 
topics related to this practice. The main topics were: 
x Principles of CAD and parametric design. Applying 
materials and units, use of parameters, types of models, 
basic Creo operation. 
x 2D sketching: planar constraints, complete and incomplete 
sketches, applying dimensions. 
x From 2D sketching to 3D modeling: creation of solid 
bodies. 
x Advanced 3D modeling: engineering features, subdivision 
modeling and meshes. 
b. 
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x Assembly modeling: spatial constraints, partially-, fully- 
and over-constrained components, from partially-
constrained components to mechanism design. 
x Analysis: geometry analysis and basic measurements, 
orthogonal, cylindrical and spherical coordinate systems, 
projections, advanced measurements, mass properties, 
generating featured measurements and data. 
x Graphics and Rendering. 
x Generating 3D printable models. 
  
5.1. Teaching assignment 
The teaching assignment in the course was constructed 
based on the CDIO approach which proposes to educate 
students by engaging them in conceive-design-implement-
operate learning practices. We adopted the approach in the 
course by posing an assignment that threads the course 
activities and culminates in real teaching practice, as 
described below. 
Educational problem. At one of the course meetings the 
technology education coordinator from an urban school in a 
low-income community area of Haifa presented to the 
students a real problem faced by the 10th grade class majoring 
in mechanics. The class studied the technical drawing course 
and some of the pupils had difficulties “to see” projections 
and cross-sections of 3D objects and vice versa “to construct” 
3D objects given by projections. The coordinator asked the 
Technion students to give in his class an auxiliary lesson and 
help pupils to prepare for the matriculation exam in technical 
drawing, based on individual guidance. He proposed at this 
lesson to perform exercises with 3D objects given in the 
matriculation exams in the last years. 
Conceive. Through discussion the students identified the 
concepts that the pupils need to know in order to perform the 
exam tasks. They came to the idea that visual models of the 
spatial objects, that pupils need to imagine in the exam tasks, 
could help to overcome the difficulties. Then, the students 
elaborated the concept of the lesson, in which they could 
apply the knowledge and skills acquired in the course. 
Design. The students designed with Creo digital models of 
the 3D objects used in the past technical drawing exams. They 
produced physical models of the objects using the 3D printer 
(Fig. 1b). 
Implement. Each of the students prepared a lesson plan and 
a PowerPoint presentation for guiding pupils individually or 
in small groups. The students presented the lesson plans in 
class and got feedback. 
Operate.  The student teachers came to the high school and 
gave a 2 hour lesson to the pupils (Fig. 2). For many of the 
students this was the first teaching experience.  
5.2 Assessment  
Students’ grades in the course were based on formative and 
summative assessment, taking into account the following 
learning outcomes: understanding theories of learning, 
practice in computer aided design with Creo, the lesson given 
to high school pupils, and the lecture given to students in the 
high school. 
 
 
 
Fig. 2: Auxiliary lesson in the high school. 
 
The student group in the course was heterogeneous, with 
regard to their prior knowledge of CAD. Therefore, students’ 
outcomes were assessed based on their progress in the course. 
Results indicated that all the students acquired capabilities of 
correct and robust 2D sketching, solid modeling of basic 
shapes, and basic assembly modeling. They succeeded to 
prepare lectures and give them in class. The students 
demonstrated correct usage of 3D constraints and 
understanding principles of 3D printing. Above 60% of the 
students acquired more advanced capabilities of using 
advanced 3D features and tools (e.g. Pattern, Mirror), 
methods of parametric design, rendering and basic analyses. 
Two students achieved a mastery level in using modeling 
tools (2D, 3D and assembly), subdivision modeling, and 
mechanism design. They demonstrated deep understanding of 
3D printing processes, high creativity, and skills of modeling 
complex 3D objects.  
5.3 Students’ reflections  
Both student teachers and pupils highly positively 
evaluated the lesson experience. The student teachers noted 
that personal, informal connection with pupils was crucial for 
success of the lesson. From their reflections: “There was even 
an emotional side to this collaboration. We made good 
connection and it helped us.” The student teachers recognized 
the importance of careful lesson planning. They noticed that 
the 3D printed models were helpful as teaching aids and also 
helped to engage the pupils and “break the ice”. One of the 
student teachers mentioned: “The pupils said that the printed 
models were very cool. They enjoyed holding the model, 
examining it and even took photos of the models”. 
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6. Conclusion 
The significant advance in pedagogical, content and 
pedagogical content knowledge, achieved by our students in 
the course, indicates the potential of the CDIO approach. We 
continued and applied the approach in the course "Selected 
problems in teaching mechanics". The course given in the 
spring semester 2014 and included the assignment of analysis, 
design, and making models of mechanisms using Mathcad, 
Creo, 3D printer, and LEGO kits.  
From this experience, we note the features of the CDIO 
approach in technology teacher education: 
x Connection with an industrial partner aimed to enhance the 
engineering content of the course. 
x Connection with a technology school supports acquisition 
of pedagogical and pedagogical content knowledge and 
skills. 
x Assignments that combine making tangible models and 
using them in real teaching practice motivate students to 
advance their knowledge of digital technology.  
Our observations indicate that learning activities with 
Creo, Mathcad, and 3D printer significantly enhance students' 
practice of visual spatial skills. In this learning environment 
the students perceive, mentally process, and visualize 
significantly more complex objects than in the conventional 
one. The purposeful productive assignments motivate students 
to cope with the challenges of digital, mathematical, and 
physical modeling, while the models enable to verify the 
design solutions.  
The educational literature defines visual literacy and 
determines its key competencies. The literature points to the 
need for CAD education to move the focus from exercise in 
tool use to practice for development of visual literacy and 
design competences. Based on this recommendation, our 
further study will focus on the analysis of visual literacy skills 
and ways to foster their development in digital design and 
production environments. 
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